with limited amounts of animal food sources including dairy products. This plant-based diet, which is consumed in several rural areas of the country, might contain high levels of antinutrients and, therefore, be one of the main causes of micronutrient deficiency in Bolivia. Phytate, 2, 3, 4, 5, 6, , is a naturally occurring compound in basic commodities like cereals, legumes, tubers, and oilseeds. IP6 is accumulated during the ripening period and represents between 60% and 90% of total phosphorous content in mature seed and grains (Reddy & Sathe, 2001 ). Phytate occurs when phytic acid, a negatively charged molecule, binds to mono-and divalent dietary mineral cations, forming very stable phytate complexes at neutral pH (Harland & Morris, 1995; Morris & Hill, 1996) . Thus, the presence of phytate in the diet normally decreases the bioavailability of divalent cations such as iron, zinc, and calcium in the gastrointestinal tract, and pH of the small intestine (6-7) increases the dissociation and formation of phytate-divalent cation complexes that precipitate, making them less available for absorption into the human body (Schlemmer, Frolich, Prieto, & Grases, 2009 ). The presence of active dietary phytase plays an important role in the hydrolysis of phytate, and its importance for mineral absorption is enhanced by the lack of endogenous phytase in the small intestine (Lestienne, Icard-Verniere, Mouquet, Picq, & Treche, 2005; Lopez, Leenhardt, Coudray, & Remesy, 2002) .
The absorption and availability of iron, zinc, and calcium in the human body can be predicted by calculating molar ratios of phytate to mineral (Lestienne et al., 2005; Lopez et al., 2002; Luo, Gu, Han, & Chen, 2009 ). There is evidence that a molar ratio of phytate to iron (Phy:Fe) above 1 has a negative effect on iron absorption; a preferable molar ratio is 0.4 (Hurrell & Egli, 2010; Magallanes-Lopez et al., 2017) . A phytate to zinc molar ratio (Phy:Zn) higher than 15 is associated with low estimated bioavailability, and Phy:Zn between 5 and 15 and below 5 is associated with moderate and high estimated bioavailability, with a zinc absorption corresponding to 15%, 30%, and 50%, respectively (Gibson & Ferguson, 1998; Lönnerdal, 2002; Magallanes-Lopez et al., 2017) . Calcium absorption can be impaired by a molar ratio of phytate to calcium (Phy:Ca) above 0.17 (Sandberg & Svanberg, 1991) . High calcium content in food could exacerbate the negative effect of phytate on zinc absorption; a molar ratio of calcium to zinc of 100:1 has a synergetic effect on zinc, forming more stable calcium-zinc-phytate complexes at neutral pH. Therefore, a molar ratio of phytate·calcium to zinc (Phy·Ca:Zn) has been suggested as a better predictor of zinc absorption, and a molar ratio higher than 200 may have a negative effect on zinc bioavailability (Fordyce, Forbes, Robbins, & Erdman, 1987; Oberleas & Harland, 1981) .
To date, there is a scarcity of information on mineral content and inhibitors of them in foods that make up typical diets in Latin America. Although these countries have national food composition tables, in most cases, information on the nutritional composition of foods has been taken from other databases such as the USDA Food Composition Databases, and Bolivia is no exception to this trend. To our knowledge, there is only one report about phytate content and its implication on iron, zinc, and calcium estimated bioavailability of some foods in the tropical rural area of Chapare (foods that are also commonly consumed across the whole country) (Lazarte, Carlsson, et al., 2015) . More studies are required in order to determine mineral and phytate content, as well as their implications for the bioavailability of minerals, in plant-based foods commonly consumed in Bolivia. Therefore, the present study aimed to determine the content of iron, zinc, calcium, and phytate and to estimate the bioavailability of these minerals by calculating their corresponding molar ratios in 17 foods commonly consumed in five villages in Chapare, Bolivia. The data generated in this study will be of importance to help elucidate the causes of mineral deficiencies (Fe, Zn) that have been found in these areas.
The data provided in the present paper are also highly relevant for international databases such as FAO/INFOODS/IZiNCG Global Food Composition Database for Phytate (Dahdouh et al., 2019) .
| MATERIAL AND ME THODS

| Food samples
The food selection for the study included 17 food samples (Table 1) ; 10 food samples were selected from the food frequency questionnaire (FFQ) conducted in 2014 by Lazarte, Carlsson, et al. (2015) . The FFQ was carried out among 65 participants in the villages of Eterazama and Villa Tunari located in the tropical area of Chapare, approximately 160 km northeast of Cochabamba, Bolivia. The FFQ included 72 food items from which the 16 most consumed foods were analyzed and reported in a previously published article (Lazarte, Carlsson, et al., 2015) . In addition, barley flour and flaxseeds were included because they are common in rural areas of Bolivia, and they were registered in the dietary assessments conducted in Chapare (Lazarte, Soto, et al., 2015) .
Cassava and new cocoyam leaves were selected as these leaves are widely available in the region, and according to the literature, they have a high mineral content (Latif & Müller, 2015) . Finally, besides quinoa, two other pseudocereals, amaranth and canihua, were included, as these food staples often feature in meals that are offered to children in schools. Twelve out of the 17 food samples were purchased in markets in five villages (Chimore, Eterazama, Ivirgarzama, Shinaota, and Villa Tunari) located in Chapare in March 2014. Two samples of 1 kg each were obtained from each village-in total 10 samples of each food. Fresh cassava and walusa leaves (two samples of 1 kg each) were picked from the fields in each village. The food samples were transported to the nutrition laboratory of the Center of Food and Natural Products, San Simón University (CAPN-UMSS), approximately 160 km from Chapare. The samples were then stored at room temperature or in the fridge at 4°C (leafy vegetables in plastic bags) until sample preparation (1-5 days). Three food samples (quinoa, amaranth, and canihua) were purchased in markets in Cochabamba city.
Among the 17 foods included, only cassava and new cocoyam leaves are cultivated in the tropical rainforest of Chapare. Quinoa and canihua are cultivated in the highlands with an average temperature between 5 and 10°C and altitude above 3,000 m above sea level (m.a.s.l.). Black and yellow corn, barley, oats, green beans, green peas, dry fava beans, dry peas, peanuts, and amaranth are mainly produced in the valley at around 2,000-3,000 m.a.s.l., at a milder temperature (15-25°C) than in the highlands. Kidney beans and flaxseeds are cultivated in the lowlands of Bolivia where the temperature is higher, between 22 and 25°C, and the altitude is 200-800 m.a.s.l. (Hudson & Hanratty, 1991;  UNISDR, 2012).
| Sample preparation
Sample preparation was conducted for each food sample following common preparation methods used in the study area (i.e., soaking, boiling, cooking until tissue was soft), except for pseudocereals, which were analyzed without further preparation. For procedures such as soaking and cooking, distilled water was used in all cases and discarded afterward, except for black cornmeal, oats, and flaxseed, where the boiling water was kept (i.e., to make porridge). Distilled water was used for soaking and cooking, and water was discarded afterward, except for black cornmeal, oat and flaxseeds where water was kept (porridge). All prepared samples were dried at 60°C for 24 hr. TA B L E 1 Food samples obtained in five villages in Chapare, Bolivia, and preparation method provides details on sample preparation for each food item. After sample preparation, a portion of 100 g of each food was dried at 60°C for 24 hr (heating oven model ED23 Binder) and stored at 4°C until analysis.
| Moisture analysis
The moisture content was determined by measuring water loss after drying. Five grams (±0.0001 g) of each sample was weighed and dried at 105°C (heating oven model ED23 Binder) until a constant weight was obtained (AOAC, 2000).
| Mineral content analysis
Mineral content was determined following the method described by Lazarte, Carlsson, et al. (2015) . Duplicate samples of 0.5 g (±0.0001 g) were placed in Teflon vessels, and 5 ml of nitric acid (65% V/V; Merck) and 2 ml of hydrogen peroxide (30% V/V; Merck)
were added. The samples were acid digested in a microwave reac- Sigma-Aldrich Co.) in one vessel. In another vessel, a blank was prepared with nitric acid and hydrogen peroxide without addition of food material. Each digestion round was composed of a vessel with reference material, a blank vessel and 14 vessels containing food samples. The mineral content of the reference material and blank was determined by atomic absorption spectrophotometry at the same time as the food samples to check the precision and accuracy of the procedure. One standard (1,000 μg/L) from the standard curve was controlled after each 10 measurements to ensure the stability of the instrument; if needed, the calibration was repeated. The relative standard deviation (% RSD) was below 5% for each measurement.
| Phytate content analysis
Phytate content, as myo-inositol hexakisphosphate, was analyzed by high-performance ion chromatography (HPIC) according to the method described by Carlsson, Bergman, Skoglund, Hasselblad, and Sandberg (2001) and Lazarte, Carlsson, et al. (2015) with slight modifications: Duplicate samples of 0.5 g were extracted with 20 ml of 0.5 M HCl for 2 hr at room temperature under constant stirring.
Extracts were centrifuged (Model Allegra ® X-15r; Beckman Coulter) at 2,851 g for 10 min at 20°C. Supernatant was recovered and frozen overnight, thawed, and centrifuged (Model Optima™ LE-80k;
Beckman Coulter) at 12,348 g for 10 min at 20°C. An aliquot of 2 ml of supernatant was filtered through a 0. 
| Estimation of mineral relative bioavailability
The relative bioavailability of iron, zinc, and calcium was estimated by the molar ratios of phytate to mineral, that is, Phy:Fe, Phy:Zn, Phy:Ca, and Phy·Ca:Zn. The molar ratios were calculated using 660.3 g/mol as the molecular weight of phytate. 
| Statistical analysis
| RE SULTS
| Mineral and phytate content
The results of mineral and phytate content in dry matter, and the moisture percentage of cereals, pseudocereals, green and dry legumes, leafy vegetables, tubers, and flaxseeds are summarized in 
| Estimated mineral bioavailability
The calculated molar ratios of Phy:Fe, Phy:Zn, Phy:Ca, and Phy·Ca:Zn for estimation of mineral bioavailability are shown in Table 3 . All the studied food groups had a Phy:Fe molar ratio above the threshold that estimates a good iron bioavailability. Only black cornmeal and yellow corn in cereals, and dry peas in dry legumes had Phy:Zn and Phy·Ca:Zn molar ratios below the critical values of 15 and 200, respectively, meaning that the estimated zinc bioavailability in these foods is moderate. The Phy:Ca molar ratio was above the threshold of 0.17 for all the studied foods; therefore, the estimated calcium bioavailability is low.
The relationship between the content of phytate and the respective minerals was negative (zinc p < 0.05, iron and calcium p < 0.01) when all 17 food samples were included (Table 4 ). For the different food groups, the significant correlation was more random. There were negative correlations between phytate and iron (p < 0.05) in TA B L E 2 Mineral and phytate content in prepared foods regularly consumed in Chapare, Bolivia, and raw pseudocereals, mean ± SD (min to max) per 100 g dry matter (DM) cereals, and between phytate and calcium (p < 0.05) in dry legumes.
The correlation between phytate and zinc (p < 0.05) was positive for dry legumes. The correlations between zinc, iron, and calcium, respectively, were positive (p < 0.01) for all food samples; for the different groups, only pseudocereals showed the same result. (Latif & Müller, 2015) .
| D ISCUSS I ON
Comparing the leaves with their corresponding roots, our findings show that cassava and new cocoyam leaves are more concentrated TA B L E 3 Phy:mineral molar ratio of prepared foods commonly consumed in Chapare, Bolivia, and raw pseudocereals, mean ± SD (min to max) in dry matter 165 (446-865) in iron, zinc, and calcium and lower in phytate content than previously published values from each root purchased from the same area analyzed (Lazarte, Carlsson, et al., 2015) . In many countries in Africa and some in Asia, cassava leaves are a regular part of diets in rural areas as they are available throughout the year. From a nutrition point of view, they are important for their high content of proteins and micronutrients (Latif & Müller, 2015) . In Bolivia, the most commonly consumed part of cassava and new cocoyam is the root. However, from informal interviews with inhabitants of Chapare, it transpired that both types of leaves are used for cooking. The cooked leaves are typically served as a sauce combined with other vegetables and eaten with rice, potatoes, or cassava roots (Lazarte, Soto, et al., 2015) . Therefore, dietary diversification by the inclusion of leafy vegetables in diets might enhance their nutrient profile; however, further studies are necessary to determine the effect of polyphenols and oxalates on mineral bioavailability of these foods.
Green legumes (green beans and green peas) are also rich in minerals that are required for the normal growth and development of seeds. Regarding green beans, our findings were somewhat higher for iron (9.04-14.6 mg/100 g DM) and zinc (4.30-6.05 mg/100 g DM) but lower for calcium (223-259 mg/100 g DM) than reported values from Spain (Fe 5.5-7.1 mg/100 g DM, Zn 4.1-5.0 mg/100 g DM, Ca 575-710 mg/100 g DM) (Martínez et al., 1998) . Concerning green peas, our results show similar iron contents, somewhat higher zinc contents, and lower calcium contents than reported values from other Spanish and Czech studies (Fe 5.77-9.2 mg/100 g DM, Zn 2.6-4.8 mg/100 g DM, Ca 84-133 mg/100 g DM) (Koplıḱ et al., 2004; Periago et al., 1996) . The low levels of phytate in immature green legumes (<60 mg/100 g DM) compared to matured and dry legumes (344-2,248 mg/100 g DM) are notable due to the accumulation pattern of inorganic phosphorous as phytate, which increases with seed development with the highest content reached at seed maturity (Koplıḱ et al., 2004; Reddy & Sathe, 2001) . As in the case of leafy vegetables, the estimated bioavailability of minerals for green legumes is also high (Phy:Fe 0.46-0.66, Phy:Zn 0.87-1.4, Phy:Ca 0.02-0.07, Phy·Ca:Zn 15-71).
Dry legumes are an important source of minerals according to the Food and Agricultural Association (FAO) and are regularly consumed in tropical rural areas of Bolivia. Lazarte, Carlsson, et al. (2015) reported that dry fava beans and peanuts are consumed at least once or twice per month by 62% and 84% of the participants in Chapare, respectively. Dry peas and kidney beans are consumed with the same frequency by 91% of participants. For dry legumes, the mineral and phytate contents are generally higher than in cereals and tubers. In fava beans, our findings (Table 2) for iron are higher, and lower for zinc and calcium than the values reported for cooked fava beans from Egypt (Fe 6.1 mg/100 g DM, Zn 11 mg/100 g DM, 208 mg/100 g DM) (Khalil & Mansour, 1995) . In kidney beans, the values for iron, zinc, and calcium were somewhat similar to those reported for red kidney beans from Canada (Fe 5.37 mg/100 DM, Zn 3.0 mg/100 g DM, Ca 78 mg/100 g DM) (Wang, Hatcher, Tyler, Toews, & Gawalko, 2010) . In dry peas, the iron and zinc contents were comparable to and calcium was lower than the reported values from six varieties of soaked and cooked peas from Canada (Fe 4.09-5.11 mg/100 g DM, Zn 2.18-3.16 mg/100 g DM, Ca 81.6-108.8 mg/100 g DM) (Wang, Hatcher, & Gawalko, 2008) . In peanuts, iron content was similar to and zinc and calcium content were higher than values reported from Benin and Bolivia (Fe 2.4-2.54 mg/100 g DM, Zn 3.0-3.3 mg/100 g DM, Ca 46-50 mg/100 g DM) (Lazarte, Carlsson, et al., 2015; Mitchikpe et al., 2008) . Regarding phytate, our values are comparable with those reported for dry fava beans from Spain, 1,460-2,380 mg/100 g DM (Alonso, Aguirre, & Marzo, 2000) ; kidney beans from Turkey, 611-655 mg/100 g DM (Nergiz & Gökgöz, 2007) ; dried peas from Spain and Canada, 346-850 mg/100 g DM (Abd-El-Hady & Habiba, 2003; Periago et al., 1996; Wang et al., 2008) ; and peanuts from Benin and Bolivia, 483-2,071 mg/100 g DM (Lazarte, Carlsson, et al., 2015; Mitchikpe et al., 2008) . The molar ratios of iron (Phy:Fe 5.33-33.5), zinc (Phy:Zn 17.4-46.2), and calcium (Phy:Ca 0.49-3.94) for dry legumes were above the critical values, which means that the estimated bioavailability of these minerals is low and is mainly affected by the phytate content. Dry peas had a moderate estimated bioavailability of zinc (Phy:Zn 9.30, Phy·Ca:Zn 99.2); this may be due to low phytate content rather than the content of zinc and the effect of soaking prior to boiling on this food sample. During the soaking process, the activation of endogenous dietary enzyme, phytase, may occur, resulting in lower phytate content; also, minerals may leak and dissolve into the soaking water (Reddy & Sathe, 2001) .
Pseudocereals are a healthy alternative to conventional cereals and high in a wide range of nutrients (Haros & Schönlechner, 2017; Repo-Carrasco-Valencia, Encina, Binaghi, Greco, & Ronayne de Ferrer, 2010) . Pseudocereals (in this study quinoa, canihua, and amaranth) have a higher content of iron, zinc, and calcium than conventional cereals, comparable to dry legumes. Similar contents of iron (4.96 mg/100 g DM) and zinc (3.36 mg/100 g DM) were
previously reported for quinoa from Bolivia (Fe 5.4 mg/100 g DM, Zn 3.6 mg/100 g DM). For calcium (58.8 mg/100 g DM), threefold higher contents were reported (Ca 176 mg/100 g DM) (Lazarte, Carlsson, et al., 2015) . The calcium content, which is located in the pericarp and seed coat, may be more or less affected by the abrasion process for elimination of saponins, which are found mainly in the outer layer of the seed (Konishi, Hirano, Tsuboi, & Wada, 2004; Ruales & Nair, 1993 (FAO, 2014) . The mineral and phytate content in the most consumed cereals in Bolivia have previously been reported (Lazarte, Carlsson, et al., 2015) and are now complemented with the results of the present study on other common cereal products. Black corn prepared as a meal has a mineral content similar to pseudocereals.
Traditionally, black cornmeal preparation involves the separation of pericarp and tip caps from kernels using either wood ashes or calcium carbonate and water. This procedure, called lime-cooking, may explain the high content of calcium and higher values of iron and zinc than in whole corn kernels and other cereals (FAO, 1992) . To our knowledge, this is the first report on phytate content in black cornmeal (559 mg/100 g DM). The phytate content in yellow corn (526 mg/100 g DM) is lower than the range of reported value from Hungary, 800-1,020 mg/100 g DM (Hídvégi & Lásztity, 2002) . Oats had the highest phytate content (2,204-2,993 mg/100 g DM) of all food samples analyzed, and from two to four times higher compared with previously reported values for oats produced in Sweden, 726-1,138 mg/100 g DM (Larsson & Sandberg, 1992; Sandberg & Svanberg, 1991) . The barley flour had similar values to those reported from Sweden and Spain, 258-397 mg/100 g DM (Fredlund, Asp, Larsson, Marklinder, & Sandberg, 1997; Frontela, García-Alonso, Ros, & Martínez, 2008 Flaxseeds are a valuable source of omega-3 fatty acids, fiber, and some essential minerals (Callegaro et al., 2011) . In flaxseeds, the content of iron (6.46-10.0 mg/100 g DM) and zinc (5.37-7.53 mg/100 g DM) was higher than the values reported for six varieties of flaxseeds Sweet potato is rich in starch and other nutrients (Desse, 2016) , and the frequency of consumption of these tubers is between once and twice per month in Chapare (Lazarte, Carlsson, et al., 2015) .
Iron content (0.59-1.59 mg/100 g DM) was lower than the values (2.0 mg/100 g DM) reported for boiled sweet potato from Ethiopia (Umeta, West, & Fufa, 2005) . Zinc (0.43-0.86 mg/100 g DM) and
calcium content (30.4-68.7 mg/100 g DM) were similar to zinc (0.86 mg/100 g DM) and calcium content (68 mg/100 g DM) reported in the same study. We found low phytate content (below detection limit 60 mg/100 g) in these tubers while Umeta et al. (2005) reported 100 mg/100 g DM in boiled sweet potato.
The positive association (Table 4) found between minerals for the 17 foods analyzed in the present study may indicate that any strategy used to improve the dietary intake of one mineral might also have a positive effect on the others. However, this positive association is not valid for all food groups individually. Negative correlations or no associations for iron, zinc, and calcium with phytate were found for almost all food groups in the present study (Table 4) .
These results might be explained by the fact that minerals and phytate are not always found in the same part of the seeds or grains and that phytate can be linked to other elements such as magnesium or potassium or the variability of phytate depending of the maturity of the seeds or grains (Reddy & Sathe, 2001) . Lee, Loh, Bong, Sarbini, and Yiu (2015) reported no correlation between phytate and minerals in a study carried out with 30 samples of two rice cultivars from Malaysia. Masum Akond, Crawford, Berthold, Talukder, and Hossain (2011) reported a negative correlation for phytate and iron, and calcium, and between phytate and zinc in 29 common bean genotypes.
In order to have an overview of the nutritional implications of mineral and phytate content in diets of Chapare, Bolivia, and regions with similar situations, a PCA showing the relationship among food groups, minerals (iron, zinc, and calcium), and phytate content is presented in Figure 1 . The PCA includes 33 common food components of the Chapare diet, and it was performed using The Unscrambler ® X 10.2 (CAMO software AS). Sixteen out of the 33 food samples were analyzed in our previous study (wheat grain, wheat flour, white bread, white maize, rice, noodles, quinoa, cassava roots, new cocoyam roots, potato imilla, potato runa, chuño, fava beans, lentils, peanuts, and plantain) (Lazarte, Carlsson, et al., 2015) , and 17 samples are those presented in this study. The selected foods have shown to be the basis of the diet reported in Chapare, Bolivia, which covered more than 80% of the recommended nutrient intake of iron and zinc, but <40% of calcium requirements of rural population groups in Chapare (Lazarte, Alegre, Rojas, & Granfeldt, 2013; Lazarte, Soto, et al., 2015) . Two principal components accounted for 81% of the variance in mineral and phytate content in the analyzed foods. The first principal component (PC1) explained 54% dataset variation and was positively loaded with zinc, iron, and calcium. The food groups leafy vegetables and green legumes are shown to be situated in this quadrant. The second principal component (PC2) explained 27% of dataset variation and was positively loaded with phytate content; the food groups pseudocereals, dry legumes and oats are also situated in this quadrant. Tubers have the lowest content of minerals and phytate (Figure 1 ). The Figure 1 shows that PCA which included previously analyzed foods provides an indication of relationships of food groups commonly consumed in Bolivia and their content of phytate and minerals.
| CON CLUS ION
The information provided here on the mineral and phytate content in 17 foods commonly consumed in rural areas of Bolivia is important to understanding the implications of a plant-based diet for the nutritional status of this population. The best performing foods regarding mineral content are leafy vegetables and green legumes, as well as pseudocereals. However, an important factor to take into account with pseudocereals is their moderate to high phytate content, which is similar to some cereals and legumes. The estimated mineral bioavailability of the studied foods showed to be low due to molar ratios values were above the threshold, but Phy:Zn molar ratios for black cornmeal and yellow corn in cereals and dry peas in legumes showed F I G U R E 1 Principal component analysis biplot representing 33 common food components of diet from a rural area of Bolivia. The data set includes 17 food samples analyzed in the current study and 16 food samples analyzed by Lazarte, Carlsson, et al. (2015) . The parameters included in the data set are iron, zinc, calcium, and phytate content expressed in dry matter a moderate estimated zinc bioavailability. Therefore, processing strategies and dietary diversification must be sought to reduce the phytate content in high-mineral foods before consumption to ensure a good bioavailability in the human body.
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